TITLE OF THE INVENTION 



OPTICAL DISC DRIVE AND BRAKE CONTROL METHOD THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention is related to an optical disc drive that carries 
out reproducing data from or recording and reproducing data onto and from an 
optical disc, and to a brake control method of an optical disc drive. 

DESCRIPTION OF THE PRIOR ART 

[0002] In recent years, optical disc drives capable of reproducing an optical 
disc such as a CD-ROM, a CD-R, a CD-RW or the like are able to reproduce data 
from such optical discs at speeds several tens times as fast as lx speed. In 
accordance with standards, the optical disc reading speed must have a linear 
velocity of 1.2 to 1.4 m/s at lx speed (equal speed or a reference speed), and for 
example, if such linear speed is 1.4 m/s (i.e., in the case where data in the 
innermost portion is being reproduced), and an optical disc is reproduced at 48x 
speed, then the optical disc is rotated at a high speed of approximately 10,000 
rpm. 

[0003] Further, in an optical disc drive rotating an optical disc at such high 
speed, in addition to completely stopping the rotation of the optical disc, 
depending on the contents of an optical disc (media) there are many occasions 
where the rotation of the optical disc needs to be slowed down (for example, 
during a search process in an application for a dictionary, reference or the like). 
[0004] This operation is called a brake, and this brake operation generally 
uses a reverse rotation brake in which an electric current is supplied to a 
spindle motor so that the spindle motor electrically reverses its rotation in order 
to decelerate the rotation of the optical disc, and/or a short brake in which by 
shorting (causing short circuits) each coil of the spindle motor its own back 
electromotive force is used in order to decelerate the rotation of the optical disc. 
In this regard, Laid-Open Japanese Patent Publication No. 2000-163864 
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discloses a spindle motor driving circuit of an optical disc drive, and includes 
disclosure related to short brake control. 

[0005] However, in an optical disc drive which rotates an optical disc at the 
high speed of approximately 10,000 rpm as described above, no matter which of 
the above-described brake controls is used, because the reverse current 
generated in the spindle motor is large, an excessively large current flows to the 
driver IC of the spindle motor, and therefore there is a risk that this IC will be 
damaged due to the generation of heat and the like. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide an optical disc drive 
and a brake control method of an optical disc drive which make it possible to 
improve the reliability of a driver IC of a spindle motor by carrying out brake 
control using idling when an optical disc is rotated in a high speed range to 
prevent a large reverse current from flowing to the driver IC of the spindle 
motor. 

[0007] In order to achieve the object, in one aspect of the present invention, 
the present invention is directed to an optical disc drive which can record and/or 
reproduce data onto and/or from an optical disc. The optical disc drive of the 
present invention comprises* 

a spindle motor for rotating the optical disc, the spindle motor being a 
three-phase motor having three coils; 

rotation number measuring means for measuring the rotation number 
of the spindle motor; 

brake means for braking the spindle motor to reduce the rotation 
number thereof, the brake means including at least three types of brake modes; 
and 

selecting means for selecting one of the at least three types of brake 
modes in response to the rotation number measured by the rotation number 
measuring means when the rotation number of the spindle motor is to be 
reduced. 

[0008] In this invention, it is preferred that the spindle motor is a 
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three-phase motor having three coils, and that the at least three types of brake 
modes includes a first brake mode which uses windage loss by idling of the 
spindle motor, a second brake mode which uses a short brake that is made by 
causing short circuit in between any two coils of the three coils in the spindle 
motor, and a third brake mode which uses a reverse rotation brake that is made 
by controlling the current flow so as to rotate the spindle motor in the reverse 
direction of the normal rotation. 

[0009] In this case, it is preferred that the rotational speed range of the 
spindle motor is divided into at least three ranges including a high range, a 
medium range and a low range, in which the first brake mode is used in the 
high range, the second brake mode is used in the medium range and the third 
brake mode is used in the low range. 

[0010] It is preferred that the optical disc drive of the present invention 
further comprises judging means for judging whether the rotation number of 
the spindle motor measured by the rotation number measuring means reaches a 
predetermined target rotation number when the brake means is applied to the 
spindle motor, wherein the application of the brake means is completed when 
the judging means judges that the rotation number of the spindle motor reaches 
the predetermined target rotation number. 

[0011] In this case, it is preferred that the predetermined target rotation 
number includes a rotation number at which the rotation of the optical disc is 
considered to be stopped. 

[0012] Further, it is preferred that the spindle motor includes a magnet 
rotor. 

[0013] In this case, it is preferred that the optical disc drive of the present 
invention further comprises position detecting means for detecting the position 
of the magnet rotor in the spindle motor, the position detecting means including 
a plurality of hall elements disposed on the magnet rotor so as to be spaced at 
certain intervals. 

[0014] Further, in this case, it is preferred that the rotation number 
measuring means measures the rotation number of the spindle motor based on 
the pulse number outputted from the plurality of hall elements. 
[0015] In this invention, it is preferred that the optical disc drive of the 
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present invention further comprises a driver for driving the spindle motor, the 
driver including a plurality of switching elements and switching means for 
switching between on and off of each of the plurality of switching elements 
wherein the selecting means is operated by switching these switching elements 
by means of the switching means. 

[0016] In this case, it is preferred that each of the plurality of switching 
elements is constituted from an NPN type transistor. 

[0017] In another aspect of the present invention, the present invention is 
directed to a brake control method of an optical disc drive in which the optical 
disc drive is capable of recording and/or reproducing data onto and/or from an 
optical disc by rotating the optical disc by means of a spindle motor. The 
method of the present invention comprises the steps of • 

measuring the rotation number of the spindle motor; and 
controlling the spindle motor based on the measured rotation number so 
that the rotation number of the spindle motor is reduced by windage loss of 
idling of the spindle motor when the spindle motor rotates at a predetermined 
high-speed range. 

[0018] Further, in yet another aspect of the present invention, the present 
invention is directed to a brake control method of an optical disc drive in which 
the optical disc drive is capable of recording and/or reproducing data onto and/or 
from an optical disc by rotating the optical disc by means of a spindle motor. 
The method of the present invention comprises the steps of - 

a) measuring the rotation number of the spindle motor; 

b) judging whether the measured rotation number of the spindle motor 
reaches a predetermined target rotation number or not; 

c) judging which rotational speed range the measured rotation number of 
the spindle motor is among a high-speed range, a medium-speed range and a 
low-speed range, in the case where the rotation number of the spindle motor 
does not reach the predetermined target rotation number; 

d) based on the judged speed range, selecting one of at least three types of 
brake modes; 

e) braking the spindle motor to reduce the rotation number thereof by the 
selected brake mode; and 
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£) repeating the steps a) through e) until the measured rotation number of 
the spindle motor reaches the predetermined target rotation number. 
[0019] In this invention, it is preferred that the spindle motor is a 
three-phase motor having three coils, and wherein the at least three types of 
brake modes includes a first brake mode which uses windage loss by idling of 
the spindle motor, a second brake mode which uses a short brake that is made 
by causing short circuit in between any two coils of the three coils in the spindle 
motor, and a third brake mode which uses a reverse rotation brake that is made 
by controlling the current flow so as to rotate the spindle motor in the reverse 
direction of the normal rotation. 

[0020] In this case, it is preferred that, in the braking step, the idling brake 
is used when the measured rotation number of the spindle motor is in the 
high-speed range, the short brake is used when the measured rotation number 
is in the medium-speed range, and the reverse rotation brake is used when the 
measured rotation number is in the low-speed range. 

[0021] The above described and other objects, structures and advantages of 
the present invention will be apparent when the following description of the 
preferred embodiment will proceed with reference to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a schematic block diagram illustrating the main portion 
(circuit structure diagram) of the optical disc drive 1 of the present invention. 
[0023] Fig. 2 is a diagram schematically illustrating an optical pick-up 3 and 
a part of elements related thereto. 

[0024] Fig. 3 is an exploded perspective view of the spindle motor 11 in the 
optical disc drive 1 according to the present invention. 

[0025] Fig. 4 is a diagram for schematically illustrating the elements inside 
the driver IC of the spindle driver. 

[0026] Fig. 5 is a table illustrating a matrix of the ON/OFF control of the 
transistors shown in Fig. 4. 

[0027] Fig. 6 is a graph illustrating the relationship between the types of 
brake and the rotation number of the spindle motor. 
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[0028] Fig. 7 is a flowchart of the brake control process of an optical disc 
drive in the preferred embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0029] The preferred embodiments of an optical disc drive and a brake 
control method of an optical disc drive according to the present invention are 
described below with reference to Figs. 1-7. Now, it should be noted that the 
embodiments (disclosure) are to be considered as an exemplification, and 
therefore this structure should not be intended to limit the present invention to 
the specific embodiments illustrated. 

[0030] First, a description will be given for the structure of an optical disc 
drive 1 of the present invention. Fig. 1 is a schematic block diagram 
illustrating the main portion (circuit structure diagram) of the optical disc drive 

1 of the present invention. In Fig. 1, the optical disc drive 1 of the present 
invention is a disc drive that records and/or reproduces data onto and/or from 
an optical disc 2such as a CD-ROM, a CD-R, a CD-RW or the like. Further, Fig. 

2 is a diagram schematically illustrating an optical pick-up 3 and a part of 
elements related thereto. Hereinafter, the description will be given based on 
Figs. 1 and 2. Here, even though it is not shown in the drawings, the optical 
disc drive 1 of the present invention is operated by an AC or DC power source 
supplied from the outside. 

[0031] The optical disc drive 1 is equipped with a turntable (not shown in 
the drawings) on which the optical disc 2 is loaded, and a spindle motor 11 
(described in detail later) which rotates the turntable (i.e., the optical disc 2) at 
a predetermined constant linear velocity. Further, the optical disc drive 1 is 
also equipped with a disc tray (not shown in the drawings) on which a media 
(optical disc) such as a CD-ROM, a CD-R, a CD-RW or the like is placed (loaded). 
The disc tray is moved (displaced) between a position for loading or ejecting the 
optical disc and a position for recording or reproducing information onto or from 
the optical disc. 

[0032] Further, the optical disc drive 1 includes-* an optical pick-up (optical 
head) 3 which is capable of moving in a radial direction of the loaded optical disc 
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2 (i.e., a radial direction of the turntable) to reproduce or record data from or 
onto the loaded optical disc 2; an optical pick-up base moving mechanism (not 
shown in the drawings) equipped with a sled motor 7 which moves an optical 
pick-up base of the optical pick-up 3 in the radial direction of the optical disc 2; 
an RF amplifier 40 which amplifies RF signals obtained by the optical pick-up 3 
and then digitizes such RF signals to outputs digital data; a servo processor 51 
which controls the driving (operation) of each drive portion of the spindle motor 
11 and the like of the optical disc drive 1 based on the RF signals; a signal 
processing section 30 which demodulates (decodes) the sampling data (EFM 
signals), the subcode data (digital data) and the like from the RF signals 
inputted from the RF amplifier 40; a buffer memory 31 which temporarily 
stores the sampling data (EFM signals) and the like demodulated by the signal 
processing section 30 and temporarily stores the data transferred from the host 
to be recorded onto the optical disc 2; control means (CPU) 9; a flash ROM 32 for 
storing optimized firmware and the like for the optical disc drive L* an interface 
10 which outputs the EFM signals and the like that were demodulated in the 
signal processing section 30 and temporarily stored in the buffer memory 31 to 
an external device (for example, host computer); an actuator driver 21 for 
driving actuators of the optical pick-up 3; a sled driver 22 for driving the sled 
motor 7; and a spindle driver 23 for driving the spindle motor 115 and a casing 
(not shown in the drawings) which houses all these elements. A detailed 
description of each portion is given below. 

[0033] The control means 9 is generally constituted from a microcomputer 
(CPU). The control means 9 controls the overall of the elements of the optical 
disc drive 1, including the optical pick-up 3 (including the actuator 4, a laser 
diode 5, and the like), the sled motor 7, the spindle motor 11, the RF amplifier 
40, the signal processing section 30, the servo processor 51, the interface 10, the 
buffer memory 31, the flash ROM 32 and the like. Further, the judging means 
and the selecting means (described later) in the present invention are mainly 
carried out by the control means 9. 

[0034] In Fig. 2, the optical pick-up 3 includes an optical pick-up base 
equipped with a laser diode (light emitting portion) 5 and a split photodiode 
(light receiving portion) 6, and an objective lens (condenser) (not shown in the 
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drawings) provided in the optical pick-up base. 

[0035] The laser diode 5 is driven by a laser diode driver 43 controlled by the 
RF amplifier 40 and the control means 9 (not shown in Fig. 2), and emits a laser 
beam having a predetermined wavelength and any one of multiple power levels 
onto the optical disc 2. The split photodiode 6 includes one or more light 
receiving portions (not shown in the drawings) that receives the reflected light 
from the optical disc 2 of the light (laser beam) emitted from the laser diode 5. 
In the split photodiode 6, electric signals (reflected light-detection signals) of the 
voltage level corresponding to the amount of reflected light received by the light 
receiving portions are generated and outputted to the RF amplifier 40. 
[0036] The objective lens is supported by suspension wires provided in the 
optical pick-up base, and is constructed so as to be capable of movement with 
respect to the optical pick-up base both in the radial direction of the optical disc 
2 and in the rotational axis direction of the spindle motor 11 (i.e., a rotational 
axis direction of the turntable or an optical axis direction of the objective lens). 
[0037] Further, the objective lens is arranged at a reference position (center 
point) for the objective lens which is predetermined on the optical pick-up base, 
namely, at a neutral position. When the objective lens is shifted from such 
reference position, the objective lens is biased toward the reference position by 
the restoring force of the suspension wires described above. 
[0038] Further, as shown in Fig. 2, the optical pick-up 3 also includes the 
actuator 4 for moving the objective lens with respect to the optical pick-up base. 
The actuator 4 comprises a tracking actuator 41 for moving the objective lens in 
the radial direction of the optical disc 2, and a focusing actuator 42 for moving 
the objective lens with respect to the optical pick-up base in the rotational axis 
direction of the optical disc 2. The actuator 4, namely, the tracking actuator 41 
and the focusing actuator 42 are constituted from a tracking coil and a focusing 
coil, which are driven by means of the actuator driver 21 by flowing electric 
current through the tracking coil and/or the focusing coil to interact with the 
magnetic fields of magnets (not shown in the drawings) provided near the coils. 
[0039] When the objective lens follows tracks of the optical disc 2, it is 
possible to make the objective lens follow the tracks just by driving the tracking 
actuator 41 via the actuator driver 21 by control of the servo processor 51 within 
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a range in which the objective lens can follow the tracks without moving the 
optical pick-up 3. On the other hand, in the case where the objective lens 
cannot follow the tracks without moving the optical pick-up 3, the servo 
processor 51 drives the sled motor 7 via the sled driver 22 to move the optical 
pick-up base in the same direction as the direction in which the objective lens 
was moved, thereby carrying out control so that the objective lens returns to the 
reference position. This control operation is referred to as sled control. In the 
movement control of the optical pick-up 3 in accordance with a seek command (a 
seek operation includes a rough search and a fine search), such sled control is 
carried out in the case where the rough search is conducted. 
[0040] When the reflected light detection signals are supplied to the RF 
amplifier 40 from the split photodiode 6 of the optical pick-up 3, the RF 
amplifier 40 generates HF (RF) signals, tracking error (TE) signals, focusing 
error (FE) signals and the like based on such reflected light detection signals. 
In this regard, the RF signals are analog signals corresponding to pits and lands 
written on the optical disc 2, and the tracking error signals are signals 
indicating the size and direction of the shift of the objective lens in the radial 
direction from the center of the track (i.e., the amount of shift of the objective 
lens in the radial direction from the center of the track). Further, the focusing 
error signals are signals indicating the size and direction of the shift of the 
objective lens in the optical axis direction (rotational axis direction) from the 
focusing position (i.e., the amount of shift of the objective lens in the optical axis 
direction (rotation axis direction) from the focusing position). 
[0041] Further, the RF amplifier 40 generates digitized signals by 

data- slicing the generated RF signals, and supplies these signals to the signal 
processing section 30 as data signals for reproducing. The RF amplifier 40 also 
supplies the generated tracking error signals and focusing error signals to the 
servo processor 51. 

[0042] Based on the tracking error signals and the focusing error signals 
supplied from the RF amplifier 40, the servo processor 51 controls the driving of 
the actuator 4 and/or the sled motor 7 via the actuator driver 21 and/or the sled 
driver 22 to properly move the optical pick-up 3 in the radial direction and the 
optical axis direction of the optical disc 2. 
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[0043] Further, based on WOBBLE signals reproduced from the optical disc 
2 or output signals from hall elements (described later), the servo processor 51 
controls the driving of the spindle motor 11 via the spindle driver 23 to 
rotationally drive the optical disc 2 at a predetermined rotational speed. 
[0044] In response to instructions from the control means 9, the signal 
processing section 30 demodulates (decodes) the reproduced signals supplied 
from the RF amplifier 40, and carries out a predetermined signal processing. 
Then, the signal processing section 30 sequentially supplies the sampling data 
(EFM signals) and the like obtained by the signal processing such as 
demodulation and the like to the buffer memory 31, and then such data is 
supplied to the interface 10 via the buffer memory 31, The buffer memory 31 is 
constructed from a predetermined capacity RAM (Random Access Memory) or 
the like, and is a memory for temporarily storing the sampling data (EFM 
signals) demodulated in the signal processing section 30 and TOC information 
and the like read out from the lead-in region of the optical disc 2. 
[0045] In response to instructions from the control means 9, the interface 10 
transmits the sampling data (i.e., the data recorded on the optical disc 2) and 
the like supplied from the buffer memory 31 to an external device (for example, 
a host computer such as a personal computer (PC) or the like), and receives the 
commands executed by the optical disc drive 1, the data to be recorded on the 
optical disc 2 and the like from the external device. The interface 10 uses an 
existing interface standard such as ATAPI, SCSI or the like. 
[0046] The flash ROM 32 is a kind of EEPROM (Electrically Erasable and 
Programmable Read Only Memory) for storing firmware and the like, and 
generally firmware and the like for carrying out basic control of the optical disc 
drive 1 are pre-stored in the flash ROM 32. 

[0047] Fig. 3 is an exploded perspective view of the spindle motor 11 in the 
optical disc drive 1 according to the present invention. The spindle motor 11 of 
the present invention is a three-phase brushless motor. The spindle motor 11 
is equipped with a ring-shaped (annular) magnet rotor 111 bisected into a South 
pole and a North pole, a coil group (stator) 112 including three coils which 
phases are mutually shifted by 120 degrees, and three hall elements 113 
(position detecting means) which function as position detecting elements for 
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detecting the position of each polarity of the magnet rotor 111. As shown in Fig. 
3, the three hall elements (i.e., the position detecting means) are disposed on 
the magnet rotor so as to be spaced at certain intervals. 

[0048] In the spindle motor 11, the magnet rotor 111 is rotated by flowing a 
predetermined electric current through the U, V and W phases of the coil group 
112 from the spindle driver 23, which drives the spindle motor 11. 
[0049] Fig. 4 is a diagram for schematically illustrating the elements inside 
the driver IC of the spindle driver 23. In Fig. 4, the spindle driver 23 is 
equipped with six NPN type transistors (switching elements) 231 (Q1-Q6), and 
rotation number measuring means (switching means) 232 for measuring the 
rotation number of the magnet rotor 111 based on output pulses of the three hall 
elements 113 in the spindle motor 11, i.e., the result detected by the position 
detecting means. 

[0050] The ON/OFF control of the transistors Q1Q6 is carried out by the 
rotation number measuring means (switching means) 232 in the manner shown 
in Fig. 5. Fig. 5 is a table illustrating a matrix of the ON/OFF control of the 
transistors shown in Fig. 4. In Fig. 5, the term "NR" indicates that the magnet 
rotor 111 of the spindle motor 11 is in a normal rotating state (i.e., it carries out 
a normal rotation), the term "SB" indicates that the rotation of the magnet rotor 
111 is being decelerated or stopped by a short brake, and the term "RR" 
indicates that the rotation of the magnet rotor 111 is being decelerated or 
stopped by a reverse rotation brake. For example, at the time of 60 degrees 
during the rotation of the magnet rotor 111, the transistors Ql and Q5 are in 
the ON state, and therefore an electric current flows from the Vcc terminal 
through the transistor Ql to the U phase, and from the V phase through the 
transistor Q5 to the ground terminal. 

[0051] In this regard, a short brake is a brake method in which each coil of 
the coil group 112 in the spindle motor 11 is shorted, and the back electromotive 
force thereof is used to decelerate the rotating magnet rotor 111. Further, a 
reverse rotation brake is a brake method in which an electric current is supplied 
to the transistors 231 so as to rotate the magnet rotor 111 in the reverse 
direction of normal rotation to decelerate or stop the rotating magnet rotor 111. 
[0052] The rotation number measuring means 232 measures the rotation 
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number of the magnet rotor 111 (i.e., the rotation number of the spindle motor 

11) based on output signals (output pulses) from the hall elements 113, and 
he Se me d rotation number ^ ^ ^ 

the spindle driver 23 to the control means 9. 

[0053] Further, the rotation number measuring means 232 that operates as 
switching means controls the rotation number of the magnet rotor 111 of the 
spmdle motor 11 by respectively outputting the switching signals (ON/OFF 
stgnaU) inputted from ,he contro, means 9 (as shown for «NR» I Fig. 5)711 
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measurmg means 232 controls the ON/OFF states of the transistors Q1-Q6 
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from the control means 9 via the SB terminal. 'inputted 
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number measuring means) monitors the rotation number of the magnet rotor 
111 in the spindle motor 11 during the brake operation in order to complete such 
brake operation in as short a time as possible. 

[0057] In the case where the rotation of the magnet rotor 111 is not stopped 
within a predetermined time after the brake operation command is outputted 
from the control means 9 to the spindle driver 23, an error signal will be 
outputted for each application of the optical disc drive 1 and the host PC. For 
this reason, the brake operation is preferably completed within about 5 seconds 
from the generation of the brake command of the control means 9. 
[0058] In this regard, the effect of brake by idling is not very good when the 
rotation number of the magnet rotor 111 is low, but is effective when the 
rotation number is high. For this reason, the combination of idling (idle 
running), short brake and reverse rotation brake (applied sequentially 
depending on the rotation number) is preferably like that shown in Fig. 6. 
Namely, the idling is carried out in a high-speed range (higher than 8,000 rpm), 
the short brake is carried out in a medium-speed range (2,000-8,000 rpm), and 
the reverse rotation brake is carried out in a low-speed range (less than 2,000 
rpm). 

[0059] Next, the operation of the optical disc drive in the preferred 
embodiment according to the present invention will be described with reference 
to the flowchart of Fig. 7. Fig. 7 is a flowchart of the brake control process of 
an optical disc drive 1 shown in Figs. 1 and 2 in the preferred embodiment 
according to the present invention. This flowchart is described below using 
each of the elements shown in Figs. 1-4 described above. 

[0060] When a brake command is outputted from the control means 9 
during the rotation of the optical disc 2 (i.e., the spindle motor 11), the optical 
disc drive 1 of the present invention carries out this brake control process) 
brake control program). Namely, when the control means 9 outputs a brake 
command, the rotation number measuring means 232 measures the current 
rotation number of the magnet rotor 111 based on the position detecting signals 
inputted from the hall elements (position detecting means) 113 (Step S101), and 
outputs such measured rotation number from the FG terminal to the control 
means 9. 
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[0061] At Step S102, the control means 9 (judging means) judges whether or 
not the rotation number of the magnet rotor 111 obtained from the rotation 
number measuring means 232 has reached a target rotation number. In the 
case where it is judged that the rotation number has reached the target rotation 
number, the control means 9 completes the brake control process. 
[0062] In this regard, the "target rotation number" is a rotation number 
pre-set in the optical disc drive 1, and includes a predetermined rotation 
number at which the rotation of the optical disc 2 is assumed (considered) to be 
stopped. In addition, this "target rotation number" also includes the rotation 
number in the case where the optical disc 2 is to be held in standby at a 
predetermined rotation number. 

[0063] In the case where the measured rotation number of the magnet rotor 
111 has not reached the target rotation number, the control means 9 (selecting 
means and judging means at Steps S103-S107) judges whether or not such 
rotation number is in a high-speed range (higher than 8,000 rpm in the present 
embodiment) based on the measured rotation number of the magnet rotor 11 
(Step S103). In the case where it is judged that the rotation number is in the 
high-speed range, the control means 9 selects the idling brake (Step S105), 
controls the rotation number measuring means 232 so as to switch all the 
transistors Q1-Q6 to the OFF state. Then, the process (program) returns to 
Step S101, and the optical disc drive 1 carries out the same process, namely, and 
once again the rotation number of the magnet rotor 111 is measured 
(monitored). 

[0064] At Step S103, in the case where it is judged that the measured 
rotation number is not in the high-speed range, the control means 9 then judges 
whether or not the measured rotation number is in an medium-speed range 
(2,000-8,000 rpm in the present embodiment) (Step S104). In the case where it 
is judged that the measured rotation number is in the medium-speed range, the 
control means 9 selects the short brake (Step S106), and outputs control signals 
for short brake to the rotation number measuring means 232 via the SB 
terminal. The rotation number measuring means 232 controls the ON/OFF 
states of the transistors Q1-Q6 (switching elements 231) based on the table 
shown in Fig. 5. Then, the process (program) returns to Step S101, and once 
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again the rotation number of the magnet rotor 111 is measured (monitored). 
[0065] At Step S104, in the case where it is judged that the measured 
rotation number is not in the medium-speed range, the current rotation number 
of the magnet rotor 111 lies within a low-speed range (less than 2,000 rpm in 
the present embodiment). Then, the control means 9 selects the reverse 
rotation brake (Step S107), and outputs control signals for reverse rotation 
brake to the rotation number measuring means 232. The rotation number 
measuring means 232 controls the ON/OFF states of the transistors Q1-Q6 
(switching elements 231) based on the table shown in Fig. 5. Then, the process 
(program) returns to Step S101, and once again the rotation number of the 
magnet rotor 111 is measured (monitored). 

[0066] In this way, during the brake operation, the control means 9 monitors 
the rotation number of the magnet rotor 111, and selects a brake method 
according to the measured rotation number until it is judged that such rotation 
number reaches the target rotation number at Step S102. When the rotation 
number reaches the target rotation number, the brake control process (the 
brake control program) is completed. 

[0067] As described above, according to the optical disc drive 1 and the 
optical disc brake control method in the preferred embodiments of the present 
invention, when the spindle motor 11 is rotating at a high speed, idling is 
carried out to decelerate the rotation of the spindle motor 11 to a predetermined 
rotation number. Then, when the rotation number reaches an medium-speed 
range and a low-speed range, a short brake and a reverse rotation brake are 
respectively carried out to decelerate and stop the rotation of the spindle motor 
11. 

[0068] Accordingly, the present invention makes it possible to prevent 
excessive electric current from flowing into the driver IC of the spindle driver. 
Therefore, since the driver IC is not damaged due to heating or the like, it is 
possible to extend the life of the driver IC and improve the reliability thereof. 
[0069] Further, in the present invention, since the deceleration and stopping 
of the spindle motor is controlled by stepwise changing the brake methods in 
accordance with high-speed range, medium-speed range and lowspeed range, 
excessive electric current can be prevented from flowing into the driver IC, and 
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it is possible to complete the brake operation in a shorter time. 
[0070] It should be noted that, in the embodiments described above, the 
values 8,000 rpm and 2,000 rpm were used as threshold values to describe the 
high-speed, medium-speed and low-speed ranges, but the present invention is 
not limited to these values. In the present invention, any desired values may 
be used within the range in which the spindle motor can be stopped within the 
predetermined time required by the application software of the optical disc 
drive and the host computer described above. 

[0071] As described above, it should be noted that, even though the optical 
disc drive and the brake control method of the present invention has been 
described with reference to the preferred embodiments shown in the drawings, 
the present invention is not limited to these embodiments, it is of course 
possible to make various modifications or deformations to each element of the 
optical disc drive, and various elements described above can be replaced with 
any other element capable of performing the same or a similar function. 
[0072] It is also possible to apply the optical disc drive of the present 
invention to other various optical disc drives for recording and/or reproducing 
data onto and/or from various types of optical discs such as DVD-RW, 
DVD-RAM and the like. 
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